
BSc Engineering Sciences – A. Y. 2018/19
Written exam of the course Mathematical Analysis 2

June 24, 2019

Last name: ................................................. First name: ........................................................
Matriculation: .................................................

Solve the following problems, motivating in detail the answers.

1.

(1) Find a function g : R→ R such that the solution u(x, t) of the wave equation
∂2u

∂t2
= c2

∂2u

∂x2

u(x, 0) =
1

1 + x2
∂u

∂t
(x, 0) = g(x)

is given by u(x, t) = 1
1+(x−ct)2

(Note after the exam: in the original paper there was a

typo in the last line: ∂u
∂x

should have been ∂u
∂t

).

(2) Find a function g : (0,+∞) → R such that f(x, y) = g(
√
x2 + y2) is a solution of the

2-dimensional Poisson equation

∂2f

∂x2
+
∂2f

∂y2
=
√
x2 + y2

(Hint: express the Laplacian ∂2f
∂x2 + ∂2f

∂y2
in polar coordinates.)

Solution.



Matriculation: .................................................

2.

(1) Let us set (x1, y1) = (1, 2), (x2, y2) = (2, 3), (x3, y3) = (−1, 1). Find and classify all the
stationary points (a, b) ∈ R2 of the function f(a, b) =

∑3
n=1(axn + b− yn)2.

(2) Compute the derivative of the following function g(x) of x:

g(x) =

∫ 1

− sinx

cos(t3)dt.

Solution.



Matriculation: .................................................

3. Determine whether the following vector field on R2

fff(x, y) =
(
cosxy − xy sinxy, −x2 sinxy + x3

)
is a gradient of some scalar field. Depending on this result,

• If fff(x, y) is a gradient, find one of these scalar fields ϕ such that fff(x, y) = ∇ϕ(x, y).

• If fff(x, y) is not a gradient, compute
∫
C
fff · dααα, where

ααα(t) =


(t, 0) 0 ≤ t ≤ 1

(1− (t− 1), (t− 1)) 1 ≤ t ≤ 2

(0, 1− (t− 2)) 2 ≤ t ≤ 3

Solution.



Matriculation: .................................................

4. Compute the integral ∫∫∫
D

(sinx+ y2)z dxdydz

where

D =

{
(x, y, z) ∈ R3 :

√
x2

9
+
y2

4
≤ z ≤

√
1− x2

9
− y2

4

}
.

Solution.



Matriculation: .................................................

5. Let fff(x, y, z) = (xz, yz, 0) be a vector field on R3 and

S = {(x, y, z) : x2 + y2 − z2 = −4, 0 ≤ z ≤ 3}

be a surface in R3. Compute the surface integral∫
S

∫
FFF · nnn dS,

where nnn is a unit normal vector on S with positive z-component.
Solution.


